ABSTRACT
INTRODUCTION

45
Hepatitis E virus (HEV) is the causative agent of acute or fulminant hepatitis in 46 many resource-limited regions of the world. It is transmitted primarily by the faecal-oral 47 route (36). It is now also considered to be an emerging concern in industrialized 48 countries (8, 41) . HEV is a non-enveloped single-stranded, positive-sense RNA virus 49 and a member of the Hepeviridae family (10). Its genome consists of a single-stranded, 50 positive-sense RNA, approximately 7.2 kilobases (kb) long, which is capped and 51 polyadenylated (18). It contains a short 5' untranslated region (UTR), three open reading 52 frames (ORFs: ORF1, ORF2, and ORF3), and a 3' UTR. ORF1 encodes non-structural 53 proteins including methyltransferase, papain-like cysteine protease, helicase and RNA-54 dependent RNA polymerase (25) . The ORF2 encodes the viral capsid protein. The 55 ORF3 encodes a small, phosphorylated protein, 113 or 114 amino acids long, that is 56 involved in virion morphogenesis and release (11, 12) . 57
Analyses of the nucleotide sequences of HEV strains have revealed extensive 58 genomic diversity leading to the identification of 4 main genotypes and several subtypes 59 within each same genotype (31). HEV genotypes 1 and 2 are restricted to humans and 60 associated with epidemics in developing countries, whereas HEV genotypes 3 and 4 are 61 zoonotic and are responsible for sporadic cases. While genotype 4 is restricted to parts 62 RNase Out (Invitrogen). Reverse transcription was carried out at 42°C for 15 min, 127 followed by denaturation at 95°C for 1 min. DNA was amplified with 50 PCR cycles at 128 95°C (20s) and 60°C (1min). The amplification efficiency calculated with a standard 129 curve was 1.96. The limit of detection was 100 copies/ml. 130 
131
RNA standards
RESULTS
152
Reference strains panel 153 We assayed 5 samples, containing 3a, 3b, 3c, 3e and 3f strains, undiluted or 154 diluted, with the ORF2-based real-time RT-PCR and with the ORF3-based real-time RT-155 PCR. The reproducibility of each RT-PCR assay was good (Table 1 ). The mean 156 standard deviation was 0.14 log c/ml (range: 0.03-0.44 log c/ml) for the ORF2-based 157
RT-PCR and 0.13 log c/ml (range: 0.07-0.21 log c/ml) for the RT-PCR based on ORF3. 158
However, only one of the eight 1/100 diluted genotype 3e samples was detected 159
with the RT-PCR based on ORF2. Similarly, only 4 of the eight 1/100 diluted genotype 160 3c samples were detected with the RT-PCR based on ORF2. All the other samples 161 scored positive with both assays (Table 1) . 162
The virus loads in the 109 positive samples measured by each assay are shown 163 in Figure 1 . The ORF3 RT-PCR and ORF2 RT-PCR results were linearly associated 164 (R 2 =0.52) and correlated (ρ=0.69, p<0.001) (Figure 1 ). The ORF2 RT-PCR gave a mean 165 HEV RNA concentration of 3.15 log c/ml and the ORF3 RT-PCR assay gave a mean of 166 4.56 log c/ml. The mean deviation between the ORF3 and the ORF2 RT-PCR results 167 was 1.41 log c/ml. Bland-Altman analysis showed that differences in virus load were 168 independent of the concentration of HEV RNA (Figure 2) . However, the average 169 deviation varied with HEV subtype. The mean [ORF3 -ORF2] differences was 2.54 log 170 c/ml for the genotype 3e samples, 2.03 log c/ml for the genotype 3c samples, 1.09 log 171 c/ml for the genotype 3f samples, 1.05 log c/ml for the genotype 3a samples and 0.34 172 log c/ml for the genotype 3b samples. HEV genetic polymorphism may generate 173 mismatches between HEV RNA and primers or probes, which could contribute to underquantification of the RT-PCR based on ORF2 (Figure 3) . 175
176
Clinical specimens 177 We also tested 34 clinical samples with both assays in order to eliminate any 178 potential bias due to assaying only the 5 reference strains. They included the genotypes 179 3c (n=15), 3e (n=4) and 3f (n=15) analysis is shown in Figure 4 . Again, the average deviation varied with the HEV subtype. 185
The mean [ORF3 -ORF2] differences was 1.41 log c/ml for genotype 3c, 0.96 log c/ml 186 for genotype 3e, and 0.70 log c/ml for genotype 3f. The average deviation between the 3 187 subtypes was significantly different (p=0.009). The bias between the 2 RT-PCRs was 188 significantly greater for the genotype 3c samples than for the genotype 3f samples 189 Based on the 3c, 3e and 3f complete genome sequences available in Genbank, the 217 sequence identity between the different subtypes ranges from 82.4% to 90% in the 218 ORF2 region and ranges from 89.5% to 95.2% in the ORF3 region. This variability 219 between subtypes has prompted us to asses its influence on HEV RNA quantification. 220
Our sequence alignments have shown several mismatches, mainly for the primers and 221 the probe targeting ORF2. Nevertheless, ORF2 assay showed a similar sensitivity in 222 detecting genotype 3a and 3f standard preparations despite a higher numbers of 223 mismatches between the ORF2 primers and probe and the 3a strain than between the 224 ORF2 primers and probe and the 3f strain. This may be because other critical 225 parameters such as RNA conformation could be similar for the two Taqman detection 226
systems. 227
We evaluated the capacities of two different TaqMan real-time RT-PCRs to detect 228 and quantify HEV genotype 3 subtypes. Our assays of serial 10-fold dilutions of 229 genotypes 3a, 3b, 3c, 3e, and 3f reference samples indicated that the ORF2-based RT-230 PCR was less sensitive than the ORF3-based RT-PCR. The RT-PCR based on ORF2 231 rarely detected the 100-fold diluted 3c and 3e samples. 
